Objective: The experimenter expectancy effect confound remains largely unexplored in neuropsychological research and has never been investigated among cannabis users. This study investigated whether examiner expectancies of cannabis user status affected examinees' neuropsychological performance. Method: Participants included 41 cannabis users and 20 non-users. Before testing, examiners who were blind to participant user status privately rated whether they believed the examinee was a cannabis user or non-user. Examiners then administered a battery of neuropsychological and performance validity measures. Multiple regression analyses compared performance between examinees judged as cannabis users (n = 37) and those judged as non-users (n = 24). Results: Examiners' judgments of cannabis users were 75% accurate; judgments of non-users were at chance. After controlling for age, gender, and actual user status, examiner judgments of cannabis user status predicted performance on two measures (California Verbal Learning Test-II, and Trail Making Test B; p < .05), as individuals judged as cannabis users obtained lower scores than those judged as non-users. Conclusions: Examiners' judgments of cannabis user status predicted performance even after controlling for actual user status, indicating vulnerability to examiner expectancy effects. These findings have important implications for both research and clinical settings, as scores may partially reflect examiners' expectations regarding cannabis effects rather than participants' cognitive abilities. These results demonstrate the need for expectancy effect research in the neuropsychological assessment of all populations, not just cannabis users.
Introduction
There is increasing importance in understanding the effects of cannabis use on neurocognitive functioning. Cannabis use has increased globally in adult populations, both medically and recreationally, and is currently one of the most widely used drugs worldwide, with an estimated 183 million people using it (United Nations Office on Drugs and Crime, 2016) . Previous research investigating the effect of cannabis on cognition has produced mixed results regarding long-term use outcomes and the potential detrimental effects on cognition. Although some studies have suggested that cannabis negatively affects cognitive functioning in various domains among long-term users (Grant, Gonzalez, Carey, Natarajan, & Wolfson, 2003; Solowij et al., 2002) , others found no cognitive differences between users and non-users (Lyketsos, Garrett, Liang, & Anthony, 1999; Schreiner & Dunn, 2012) . Further, even in those studies that find cognitive effects, there is inconsistency across studies regarding which cognitive domains are affected by cannabis use. Studies have found poorer performance among cannabis users on tasks of attention, processing speed (Medina et al., 2007) , learning and memory (Bolla, Brown, Eldreth, Tate, & Cadet, 2002; Grant et al., 2003; Meier et al., 2012; Solowij et al., 2002) , and executive functioning (Bolla et al., 2002; Gruber, Sagar, Dahlgren, Racine, & Lukas, 2012) . Therefore, neuropsychological performance differences of cannabis users relative to non-users vary widely from study to study. Researchers have suggested that the variability in findings may be due to the wide variety of research designs implemented (e.g., variability in what criteria constitutes chronic cannabis use, age of onset of cannabis use, or length of abstinence periods in participants), as well as methodological limitations, including failure to control for alcohol use, lack of data gathered regarding premorbid neurocognitive functioning, and failure to report cannabis abstinence periods (Schreiner & Dunn, 2012) .
One major potential confound that has yet to be explored in cannabis research is the expectancy effect. Expectancy effects occur when experimenters' personal expectations about study outcomes influence participants' performance (Rosenthal, 2002) . Experimenters' expectations in research studies can lead to subtle differences in interactions with the participant, resulting in a shift in the participant's behavior in a manner that confirms the researchers' hypotheses (Rosenthal, Kohn, Greenfield, & Carota, 1966) . The expectancy effect confound subsequently increases the probability of invalid or inaccurate findings. For example, researchers who expect cannabis use to be associated with memory deficits may unconsciously act in subtly different ways towards cannabis user participants relative to non-user participants, such as allowing less time for responding during memory tests or offering less encouragement. These differences could influence rapport and thus alter participants' performance on the testing (Karver, Handelsman, Fields, & Bickman, 2005) . To minimize the potential for expectancy effects, Rosenthal (1991) strongly recommends utilizing blind research designs, i.e.,keeping experimenters unaware of participants' group status. Despite the extensive literature on the expectancy effect confound, cannabis researchers often fail to implement blind research designs when examining the cognitive effects of cannabis use (e.g., Battisti et al., 2010; Dougherty et al., 2013; Mahmood, Jacobus, Bava, Scarlett, & Tapert, 2010; Rodgers, 2000; Solowij, 1995) .
It is important to note that even studies utilizing blind research designs have yielded mixed results regarding the effects of cannabis use on cognition (Lyons et al., 2004; Pope, Gruber, Hudson, Huestis, & Yurgelun-Todd, 2001 ). One possible reason for these mixed findings may be due to researchers guessing, either consciously or unconsciously, which user group participants belong to, thus still leaving the studies vulnerable to expectancy effects. Studies have shown that individuals can guess qualities like personality and behavioral traits based simply upon appearance alone, such as by examining a photograph (Fink, Neave, Manning, & Grammer, 2006; Todorov, Pakrashi, & Oosterhof, 2009; Willis & Todorov, 2006) . For example, research shows individuals are able to discriminate substance users versus non-users based on a photograph alone, with near 60% accuracy (Olivola & Todorov, 2010) . Further, research by Hirst and colleagues (Hirst et al., 2016; 2017) supports the phenomenon of the "jay-dar" -the ability to distinguish whether an individual uses marijuana (i.e., smoking joints or "jays"), similar to Shelp's (2003) research on "gay-dar." In these studies, researchers asked both undergraduates (Hirst et al., 2017) and neuropsychologists (i.e., the same profession of those who might conduct research on cannabis users; Hirst et al., 2016) to rate the likelihood that a person was a cannabis user based on photographs alone. Photos of actual cannabis users (those who had used cannabis at least 400 times in their life, wearing their typical clothing and hairstyle) received higher ratings than photos of non-users on the Marijuana Use Likelihood Index, a 7-point Likert scale range from "least likely" to "most likely." Effect size estimates revealed a medium effect of cannabis use status on both the undergraduates' (Cohen's d = 0.46) and the neuropsychologists' (Cohen's d = 0.61) ratings (Hirst et al., 2016 (Hirst et al., , 2017 . These results suggest that even research studies using examiners who are blind to participants' group status may be vulnerable to the expectancy effect confound if they are able to guess cannabis user status. Further, there is precedent for anticipating that examiners' expectancy effects may contribute to variability in participants' neuropsychological performance. Researchers have found that examiners' beliefs about the effects of caffeine administration affected examinee physiological response and cognitive performance (Walach, Schmidt, Bihr, & Wiesch, 2001) . In this study, experimenters administered placebo "caffeine" to participants and measured their blood pressure, heart rate, well-being, and performance on a cognitive task. When experimenters were told that caffeine administration alters examinees' physiological and cognitive functions, their participants demonstrated higher systolic blood pressure and worse performance on cognitive testing following placebo administration, relative to the participants of experimenters who were told the opposite. These findings support the possibility that examiner expectations of cannabis user performance on cognitive testing could have acted as a confounding variable in many published research designs to date.
The plethora of findings supporting the existence of expectancy effects in research experiments (Rosenthal, 2002) and the results of a study identifying expectancy effects influencing participants' cognitive performance (Walach et al., 2001) suggest that this confound could be contributing to the variability in the literature on the cognitive effects of chronic cannabis use. Further, research indicates that neuropsychologists can discriminate between cannabis users and non-users, suggesting that even blind research designs are vulnerable to this confound (Hirst et al., 2016 (Hirst et al., , 2017 . Therefore, the present study sought to investigate whether examiners' perceptions of examinees' cannabis use status influenced participant performance on neuropsychological assessment. Specifically, the authors hypothesized that examiners would be able to judge participant cannabis user status based upon appearance alone with accuracy greater than chance, consistent with colleagues (2016, 2017) findings. Further, we hypothesized that participants judged as cannabis users would perform worse on neuropsychological assessment, relative to those judged as non-users (irrespective of true user status). To this aim, examiners privately noted whether they believed the participant was a cannabis user or a non-user, allowing the measurement of whether these perceptions resulted in differential performance by examinees on neuropsychological testing. Finally, because expectancy effects are likely related to the examiners' personal beliefs regarding the effects of cannabis use, the authors also sought to determine whether the experiences and beliefs of the examiners administering the neuropsychological assessment battery related to examinees' performance.
Method

Participants
Recruitment consisted of flyers posted in the community, online postings, and advertisements emailed to local colleges. To qualify for inclusion, participants must have been between 18 and 30 years old, to reduce the likelihood of confounding factors influencing cognition (e.g., age-related cognitive decline). In order to meet eligibility criteria as a chronic cannabis user, individuals must have been current cannabis users, using cannabis at least 4 days per week for the past year. To be eligible as a non-user control, the individual must have tried cannabis at least once but no more than five times in his or her lifetime, and not within the past 30 days. Cannabis researchers have previously recommended this approach because individuals who would never try cannabis may be conceivably different from individuals who would try cannabis in ways that may influence cognition, such as decision-making or impulsivity (Pope et al., 2001) . The inclusion of individuals who would be willing to try cannabis allows for a non-user control group that is cognitively similar in premorbid functioning to cannabis users.
Exclusionary criteria consisted of self-report of: (a) use of any other class of drugs of abuse (e.g., opiates) more than five times; (b) current alcohol use of a frequency that could interfere with neurocognitive performance (defined as consuming two or more drinks on four or more days per week, for the past month or longer); (c) current Diagnostic and Statistical Manual of Mental Disorders -Fourth Edition-Text Revision (DSM-IV-TR; American Psychiatric Association, 2000) diagnosis of Axis I disorder other than simple phobia; (d) history of head injury with loss of consciousness requiring medical intervention within the past six months; (e) current use of psychoactive medication; and (f) a medical, psychiatric, or neurological condition that might affect cognitive function (e.g., epilepsy, multiple sclerosis, brain tumor, etc.). These exclusion criteria were selected to eliminate potential confounds which might affect cognitive performance, and have been recommended by experts in the cannabis literature (Gonzalez, Carey, & Grant, 2002) .
A total of 61 individuals participated in the study; demographic information for the whole sample is presented in Table 1 . Participants' ages ranged from 18 to 30 years. Thirty-seven (60.7%) participants in the study sample were male, whereas 24 (39.3%) participants were female. Nineteen of the participants identified as Caucasian (31.1%), 16 identified as Hispanic or Latino (26.2%), 10 identified as Asian or Asian-American (16.4%), four identified as Black or African American (6.6%), four identified as Middle Eastern (6.6%), and eight participants identified as Other or Mixed ethnicity (13.1%). Total years of education for the entire sample ranged from 12 to 20 years. The mean estimated premorbid IQ for the entire sample, estimated from the National Adult Reading Test-Revised (NART-R; Wiens, Bryon, & Crossen, 1993) , was 102.60 (SD = 15.63). Approximately 90% (n = 55) of the participants were right-handed, whereas about 10% (n = 6) were left-handed.
The sample included 41 chronic cannabis users and 20 non-users. Demographic information of the user and non-user group is also included in Table 1 . There were no significant differences between users and non-users in age, ethnicity, years of education, or estimated premorbid IQ based upon performance on the NART-R. There were significantly more males in the user group compared to the non-user group (p = .004); however, the gender distribution of chronic cannabis users in the present study is representative of documented gender differences among marijuana users (Johnston, O'Malley, Bachman, Schulenberg, & Miech, 2015) . Within the non-user group, five participants identified as Caucasian (25%), three identified as Hispanic or Latino (15%), six identified as Asian or Asian-American (30%), three identified as Middle Eastern (15%), and ). Approximately 85% (n = 17) of the non-users were right-handed, whereas about 92% (n = 38) of users were right-handed. Because cannabis use can co-occur with alcohol use, independent samples t-tests examined whether cannabis users and non-users differed in alcohol use. Most respondents (72%; n = 44) reported using alcohol two times or less per month, and most (60.6%; n = 37) reported drinking two or fewer drinks per sitting. Analyses revealed that the two groups (cannabis users and non-users) did not significantly differ in frequency (p = .876) or amount (p = .987) of alcohol use.
Procedure
The researchers gave interested participants a brief preliminary eligibility screen (approximately 5-10 min) via online surveys and over the phone to ensure they met eligibility criteria. If met, an appointment for the neuropsychological testing was scheduled. Participants agreed to abstain from alcohol, marijuana, and other substances for at least 24 hrs prior to the appointment. They also agreed not to disclose their cannabis use status (user or non-user) to the examiner who completed the neuropsychological testing, so that examiners would remain blind to user status. Examiners for the study were comprised of doctoral-level graduate students with at least 1 year of training in neuropsychology and in the administration of the test battery. All examiners were familiar with research examining the impact of cannabis use on neurocognitive functioning.
During the testing session, participants first completed informed consent. At the same time, examiners privately noted whether they believed the participant was a cannabis user or non-user, so that data could be analyzed for the expectancy effect confound. Examiners also administered a brief field sobriety test (i.e., standing on one foot for 30 s) to ensure participants were not under the influence of any substance at the time of testing. All participants passed this field sobriety test prior to completing the experiment. As part of a separate research study examining the effect of motivational statements on cognitive performance, examiners then administered one of two statements to the participant, randomly assigned prior to the beginning of the assessment session and identical to those previously described by Macher and Earleywine (2012) . These motivational statement conditions were unrelated to the present study; therefore, we controlled for motivational condition in the statistical analyses.
Participants then provided basic demographic information to the examiners, including age, date of birth, sex, ethnic identification, years of education, and handedness. Next, the examiners administered the neuropsychological test battery, which consisted of tests assessing a variety of cognitive domains, as well as performance validity tests (PVTs) to ensure that participants put forth adequate effort to perform well on the assessment, so that the results are known to be valid. The neuropsychological battery consisted of the California Verbal Learning Test -2nd edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000) , the Block Design, Digit Span, and Digit-Symbol Coding subtests of the Wechsler Adult Intelligence Scale -Third Edition (WAIS-III; Wechsler, 1997) , the Rey-Osterrieth Complex Figure Test (RCF; Meyers & Meyers, 1995) , the Trail Making Test of the Halstead-Reitan Neuropsychological Battery (TMT Part A and Part B; Reitan & Wolfson, 1992) , and the National Adult Reading Test-Revised (NART-R; Blair & Spreen, 1989) . Performance validity testing consisted of the ForcedChoice subtest of the CVLT-II (Moore & Donders, 2004) , the Word Memory Test (WMT; Green, Allen, & Astner, 1996) , and the Test of Memory Malingering (TOMM; Tombaugh, 1996) , as well as the embedded measures of the Reliable Digit Span (RDS; Etherton, Bianchini, Greve, & Heinly, 2005) and the Trail Making Test Ratio (TMT B:A Ratio; Ruffolo, Guilmette, & Willis, 2000) . All participants passed objective validity measures, indicating that the evaluation results were valid.
Following the neuropsychological test battery, participants completed a two question self-report questionnaire assessing initial motivation to do well on the assessment, as well as potential change in motivation over time. Upon completion of the appointment, the examiners gave participants a $50 gift card as compensation. Research assistants de-identified all data prior to entering it into a statistical database (SPSS) for analyses.
Once the neuropsychological assessments of all examinees were complete, each research examiner (n = 6) completed a survey regarding their own experiences and beliefs about the effects of cannabis use. This survey sought to assess whether the examiners' personal beliefs might have influenced the interaction with the participant and subsequent performance on the neuropsychological assessment. Each examiner was randomly assigned an identification number and completed an anonymous and confidential survey that asked: "Assuming all other variables are equal (e.g., average baseline functioning, no comorbid diagnoses, etc.), to what extent (standard deviations above/below premorbid functioning) do you believe an individual's Full Scale IQ in general would be affected, were the individual to report regular marijuana use (i.e., >4 times per week for at least 1 year)?" Response options ranged from −3 standard deviations (SDs) below baseline to +3 SDs above baseline, in 0.5 SD increments. The same question was asked regarding the examiner's beliefs about effects on individuals' attention, memory, executive function, language, visuospatial/constructional skills, motor skills, processing speed, and performance validity/effort. Additionally, examiners answered questions about whether they believed their personal beliefs about cannabis user status might have influenced their interactions with participants and the participants' subsequent performance on the neuropsychological assessment. Specifically, examiners answered whether they had ever used marijuana, whether they believed marijuana should be legalized recreationally, and whether they believed that their perceptions of the participants' user status affected interactions with them. They also rated their confidence in their ability to guess whether participants were cannabis users or non-users.
Results
Accuracy of examiner judgment
Analyses calculated the accuracy of examiners' perceptions regarding participants' cannabis use (i.e., cannabis user or non-user). The overall concordance of results was 63.9% (39/61: exact, 95% CI [50.6% -75.87%]), revealing that examiners accurately predicted cannabis use status at a rate better than chance (p = .04, as determined by an exact binomial test). Table 2 presents the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of examiners' perceptions of participants' cannabis use, along with 95% confidence intervals. Sensitivity was 68.29% (28/41: exact, 95% CI [51.91% -81.92%]), indicating that cannabis users were accurately identified as users at rates greater than chance (p = .028). However, the specificity was 55.00% (11/20: exact, 95% CI [31.53% -76.94%]), indicating that prediction of non-users did not differ from chance (p > .05). The PPV was 75.68% (28/37: exact, 95% CI [58.80% -88.23%]), indicating that about three-quarters of examiners' cannabis user judgments were accurate, significantly above chance (p = .003). In contrast, the NPV was 45.83% (11/24: exact, 95% CI [25.55% -67.18%]), suggesting that less than half of examiners' non-user judgments were accurate, which was not significantly more predictive than chance alone (p > .05). Within the user participants, there were no significant differences between examiner-judged users and examiner-judged non-users in age of onset of cannabis use, days per week of use, length of cannabis use, or amount of cannabis used per sitting (see Table 3 ).
Differences in neuropsychological and PVT performance between examiner-judged users and examiner-judged non-users Table 4 presents a comparison of neuropsychological performance across four groups: those accurately judged as users, those accurately judged as non-users, those inaccurately judged as users, and those inaccurately judged as non-users. Importantly, direct comparisons are difficult to interpret given the known confounds that may have affected cognitive performance. Therefore, a multiple regression analyzed whether examiner belief of participants' user status affected performance on neuropsychological and validity tests. Because demographic variables could act as confounds, age and gender were entered into the analysis. While independent samples t-tests revealed no significant differences between users and non-users or examiner-judged users and examiner-judged non-users in age (p > .05), there was a significantly (p < .01) larger representation of male cannabis users (n = 30 of 41 users; 73%) relative to female users (n = 11 of 41 users; 27%). This is consistent with expectation, as cannabis users are predominantly male (Johnston et al., 2015) . Furthermore, bivariate correlational analysis revealed a significant (p < .02) association between gender and examiner expectancies. This association was anticipated given the examiners' ability to accurately predict cannabis use and the larger prevalence of male cannabis users in the study. Therefore, gender was also included in the regression analyses. As described in the Method, motivational condition was included in the analysis to control for the potential effects of the motivational statement administered prior to testing, as this statement was unrelated to the present study. Finally, to isolate the effect of examiner belief of cannabis user status from actual cannabis user status, actual cannabis user status was included in the analysis. This permits the analysis of the effect of examiner belief of user status, above and beyond the effect of actual user status alone. Table 5 provides results of multiple regression analysis of neuropsychological and validity measures as a function of examiner judgments of cannabis user status, after adjusting for the participants' age, gender, motivational condition, and actual cannabis user status. Examiner expectancies remained a significant predictor of several neuropsychological performance measures, including multiple subtests of the CVLT-II and the TMT B (p < .05), with effect sizes in the medium range (Cohen's d = 0.75 and 0.61, respectively). These findings suggest that, even after controlling for potential confounds including user status, participants judged as cannabis users performed worse on two of the eight neuropsychological tests, compared to participants judged as non-users. Examiner expectancies were not a significant predictor on RCF, any of the three included WAIS-III subtests, TMT A, TOMM, or WMT (ps > .05).
Differences in examiners' judgments based upon prior cannabis experience
To examine whether examiners' judgments varied depending upon their own experience with cannabis, examiners (n = 6) completed a secured anonymous survey disclosing their own experiences with cannabis use. Two of the six examiners disclosed that they had previous experience using cannabis. Therefore, the authors analyzed whether examiners with cannabis A larger sample of examiners would be required to achieve sufficient power to conduct subgroup analyses of examiners who have and have not previously used cannabis. However, the current results suggest that there were minimal differences in accuracy between these groups.
Examiners' beliefs about the effects of cannabis use
To examine what factors may have contributed to examiners' expectancies of neuropsychological performance, examiners also answered questions about their personal beliefs regarding the effect of chronic cannabis use on cognitive functioning. Examiners rated the extent to which they believed regular marijuana use (here defined as >4 times per week for at least 1 year; Gonzalez, Carey, & Grant, 2002) would affect cognitive functioning, based upon the expected number of standard deviations' difference above or below premorbid (baseline) functioning. For example, a mean examiner rating of −1.0 suggests that examiners believed cannabis users would perform about one standard deviation below baseline on neuropsychological testing due to the effects of regular cannabis use. Examiners' ratings illustrated that they believed cannabis would have the greatest effect on processing speed It is interesting to note that examiners did not anticipate that cannabis would have more of an effect than about a half a standard deviation below baseline functioning on any cognitive domains, indicating that they anticipated a relatively small effect on cognition. Examiners also reported whether they support the legalization of recreational cannabis use. Half (3/6) reported "Yes," whereas two examiners (33.3%) stated "Maybe, under certain regulations" and one reported "No" (16.7%). Therefore, most of the examiners viewed cannabis legalization favorably.
Examiners also rated how confident they felt about the accuracy of their judgments regarding participant cannabis user status. The mean confidence level across examiners' ratings of participants was 47.33% (SD = 35.34%), indicating that most examiners did not believe their judgments of cannabis user status were more accurate than chance. Further, examiners Gender was coded as males = 0, females = 1. User status was coded as non-user = 0, user = 1. Motivational condition was coded as neutral statement = 0, motivational statement = 1.
answered whether they believed their perceptions of the participants' cannabis user status affected interactions with participants. Out of the six examiners, one (16.7%) reported "Maybe," whereas three (50.0%) reported "Probably not," one (16.7%) reported "Definitely not," and one (16.7%) reported "Almost certainly not." Thus, most examiners did not believe they were accurate in judging user status and did not believe their perceptions affected interactions with the participants, despite the fact that our results suggest both judgment accuracy and an effect on participant performance. Additional exploratory analyses analyzed whether examiners' personal expectations of chronic cannabis effects on neuropsychological performance was correlated with actual examinee performance. While most correlations were not significant, there was a positive correlation between examiners' expectations that memory would be affected by chronic cannabis use and examinees' performance on the CVLT-II Delayed Free Recall (r = 0.299, p = .02). This relationship indicates that examiners' expectations of lower memory performance were in fact associated with poorer performance on a memory measure. This correlation aligns with the previously described finding that examiner judgment of user status predicted CVLT-II performance. However, this finding should be interpreted with caution, as most correlations were not statistically significant.
Discussion
Results from the current study provide evidence that examiners' judgments of participant cannabis user status may in fact influence examinees' performance on neuropsychological assessment. Even after controlling for confounding variables (age, gender, actual user status, and motivational condition), individuals judged to be cannabis users performed worse on two of eight neuropsychological tests, relative to individuals judged as non-users. These results suggest that examiners' perceptions of cannabis user status represent a potential confound that can significantly affect the results of examinee neuropsychological performance.
Interestingly, there was a trend across several other neuropsychological subtests following the same pattern, with differences between those judged as users and those as non-users reaching marginal significance (p < .10) after accounting for actual user status and other confounds. Indeed, there was a medium effect of examiner belief on the CVLT-II Trial B Free Recall (Cohen's d = 0.59), TMT A (Cohen's d = 0.43), and the WMT Immediate Recall (Cohen's d = 0.59). Thus, this trend suggests that even after controlling for actual user status, participants judged as users performed worse on many of the neuropsychological tests compared to those judged as non-users. While the trend should be interpreted with caution, it does suggest that greater power (e.g., a larger sample size) could result in statistically significant group differences between examinerjudged users and examiner-judged non-users on even more tests in the battery.
Within the present study, examiners accurately judged participant cannabis user status at rates better than chance (sensitivity = 68%), and about three-quarters of examiners' cannabis user judgments were accurate (PPV = 76%). These results are consistent with previous findings suggesting that laymen in general, as well as neuropsychologists specifically, can discriminate between cannabis users and non-users based upon appearance alone (Hirst et al., 2016 (Hirst et al., , 2017 . Importantly, characteristics of the examiners in this study are consistent with those of researchers analyzing the effects of cannabis on cognition: they had at least one year of training in neuropsychological assessment specifically, and were familiar with empirical literature examining the cognitive effects of cannabis. Thus, their accuracy rates are consistent with those of other cannabis researchers, as well as neuropsychologists in general (Hirst et al., 2016) . Conversely, non-users' statuses were not judged at a rate above chance levels (specificity = 55%) and only about half of the non-user predictions were accurate (NPV = 46% accuracy). Due to the comparatively smaller number of non-users (n = 20, vs. n = 41 cannabis users) and individuals judged as nonusers (n = 24, vs. n = 37 judged as users), it is possible that greater statistical power would permit more reliable estimations of specificity and NPV. Studies including larger samples of both non-users and individuals judged to be non-users might have greater power to determine whether non-users can be judged accurately. Regardless, in this sample, judgment accuracy rates were clearly much higher in the user group relative to the non-user group. Therefore, the present findings suggest that examiner expectancy effects are more likely to negatively affect cannabis users because they are more accurately judged as users. It is important to note that although examiners were more accurate in judging users than non-users, controlling for actual user status in the regression permits analysis of only the expectancy effect and its impact on cognitive performance. Thus, the expectancy effect shown was above and beyond the impact of actual cannabis user status on neuropsychological functioning. While several previous studies examining the cognitive effects of cannabis utilize a research paradigm in which examiners are blind to participants' user status, the present findings suggest that these studies remain vulnerable to the expectancy effect confound if examiners are, consciously or unconsciously, guessing participant user status.
Although the sample of examiners was too small for formal statistical comparisons, exploratory analyses examined the examiners' expectations about the effects of cannabis use. The examiners in this study reported that they expected users to perform only about 0.5 standard deviations below baseline in the domains of memory, attention, and processing speed. It is particularly intriguing that the present findings revealed an expectancy effect confound, given that examiners anticipated only small effects of cannabis users on neuropsychological performance and generally viewed cannabis legalization favorably. Further exploratory analyses revealed that examiners' expectations of memory effects correlated with examinees' performance on one of the memory measures (CVLT-II Delayed Free Recall). This relationship is consistent with the finding that examiner judgment of user status predicted performance on the CVLT-II. While these results should be interpreted with caution, as most correlations were not significant, this finding does raise the possibility that examiners' personal beliefs regarding cannabis effects could contribute to the expectancy effect confound on measures of memory. In addition, most examiners did not believe their accuracy in judging user status was better than chance, and also did not believe that their perceptions about user status affected their interactions with participants. Again, these responses make it even more interesting that statistically significant expectancy effects were identified.
The present findings are consistent with a similar line of research that investigated the impact of examiner expectancies on examinee cognitive performance following caffeine administration. Results from that study showed that examiners' expectations regarding the effects of caffeine administration influenced the examinees' physiological response (i.e., heart rate), as well as performance on neuropsychological assessment (Walach et al., 2001) . Taken together with the current results, it is apparent that examiner expectations can influence examinees' performance, even with the standardized administration utilized in neuropsychological assessment. Furthermore, these findings allude to important clinical implications as well. Clinicians have access to information regarding patient cannabis use history; therefore, it is possible that neuropsychologists' personal beliefs regarding the effects of cannabis on cognitive functioning could affect patients' performance on clinical neuropsychological evaluations. Clinicians' expectancies may, consciously or unconsciously, influence test administration, thus affecting the interpretation of test results, recommendations, or clinical decision-making.
Expectancy effects are vastly under-studied in the field of neuropsychology, as the authors were unable to identify any other studies measuring examiner expectancy effects on examinee neuropsychological performance. The current findings suggest that the field of neuropsychology would benefit from further exploration of examiner expectancy effects in all populations, including individuals with other types of substance use, psychiatric disorders, or neurological disorders, as expectancy effects could occur in any study using neuropsychological assessment. One interpretation of the present findings may be to suggest minimizing expectancy effects with computerized administration of neuropsychological testing, as has become increasingly prevalent. In this study, there was no statistically significant expectancy effect shown on the WMT (a computeradministered test). However, the medium effect (Cohen's d = 0.59) of examiner belief on WMT performance suggests that even computerized tests may not be immune to experimenter expectancy effects. Further, research suggests that computerized administration is not as sensitive to subtle cognitive deficits as clinician-administered, paper-and-pencil testing (e.g., RegisterMihalik et al., 2013) . In clinical settings, the benefit of clinical judgment throughout the evaluation process cannot be understated in determining neuropsychological functioning (Bauer et al., 2012) . Given that the present findings on computerized testing showed a medium effect of examiner expectancies but no statistically significant group differences, future studies with greater power are needed to directly compare participants' performance on computer-administered tests to examineradministered tests to determine whether expectancy effects are truly reduced in participants completing cognitive tests on a computer. However, the possibility that this was a spurious result cannot be ruled out.
There are several limitations to note within the present study. This study sought to recruit "pure" cannabis users (i.e., those with no other significant substance use or comorbid medical/psychiatric disorders) in an attempt to limit other confounding variables that may potentially affect cognitive functioning. Thus, the "pure" cannabis user sample in this study may not be representative of the "typical" cannabis user, who may have comorbid substance use or other diagnoses. Additionally, a larger sample size in the present study may have revealed expectancy effects on more assessments within the battery, due to greater power. Another limitation of the present study may be that the authors did not objectively verify the accuracy of self-reported cannabis use or other eligibility criteria. However, as interested individuals were unaware of eligibility criteria during the phone screen, they had little reason to purposely misrepresent their substance use or other history. Additionally, data regarding examiners' personal history of cannabis use was anonymously collected and de-identified after all examinees' data were collected, to reduce the threat to integrity of accurate examiner self-reporting. In these ways, we attempted to minimize the impact of potential inaccurate estimations of cannabis use.
Another limitation of the present study was its correlational analysis, with no direct manipulation of examiner expectancies. However, the authors purposely selected this correlational design in order to more closely approximate the authentic researcher/clinician and participant/patient relationship that occurs in research studies and clinical contexts. In real-world situations, examiners indeed present with their own inherent personal beliefs about cannabis effects and thus are not directly told how to perceive participants/patients. In addition, directly manipulating examiners' expectancies of examinee performance could have ethical implications that are not desirable. Further, given that examiners' expectancies were not manipulated, it is even more interesting that significant expectancy effects were found. It is possible that the act of guessing whether participants were cannabis users or non-users prior to testing increased examiners' vulnerability to the expectancy effect confound by making their expectancies more salient during the testing process. We chose this design to ensure that examiners' judgments were made based upon participants' appearance rather than test performance; however, future studies could examine whether rating participants after testing results in larger or smaller expectancy effects. A larger sample of examiners in future studies would also allow for greater confidence in the conclusions of the exploratory analyses run in this study. The present study is also limited by a lack of measurement of the physical factors examiners used to make their cannabis use judgments, and to the authors' knowledge, this has not been examined in any prior studies. Future studies should assess these factors in more detail to determine what visual cues are considered when deciding individuals' likelihood of cannabis use. Finally, future studies would also benefit from measuring examiners' other perceptions about participants (e.g., mood, intellect, other substance use) to determine how it relates to cannabis use perceptions as well as participants' cognitive performance.
The present findings shed light on the impact of examiner expectancy effects on the neuropsychological performance of chronic cannabis users. Examiners who were blind to participants' user status accurately identified cannabis users at rates better than chance, and individuals judged as cannabis users performed worse on several neuropsychological tests even after controlling for potential confounding variables. While previous studies have utilized a blind research design in an attempt to control for examiner bias, it is important to realize that this approach is inadequate if examiners are able to guess participant user status. The results of the current study suggest that even studies using blind examiners are vulnerable to the expectancy effect confound, and that these expectancies can influence examinee performance and thus, the validity of study outcomes. Future research should assess for examiner expectancy effects by measuring examiners' ratings of participant group status and including those ratings as a covariate in analyses to determine whether examiner expectancies did in fact influence study participants' neuropsychological performance. This is a vastly under-studied topic in the field of neuropsychology, and the present results emphasize the need for further exploration of this topic in additional populations.
